A n interesting evaluation was conducted by the National Institute for Occupational Safety and Health (NIOSH) to assess workers' potential risk for a serious lung disease related to occupational exposure of inhaled flavoring vapors at a microwave popcorn packaging plant in Jasper, Missouri (NIOSH, 2004) . From 1992 to 2000, eight former workers of the Gilster-Mary Lee popcorn plant in Jasper, Missouri, developed a rare lung disease called bronchiolitis obliterans. The disease was severe enough for some workers to cause them to be placed on lung transplant lists. In August 2000, the Missouri Department of Health asked NIOSH to determine if these cases of lung disease were caused by an exposure at the plant and if any current workers were at risk.
Known causes of bronchiolitis obliterans caused by occupational or other environmental exposures include gases such as nitrogen oxides (e.g., silo gas), sulfur dioxide, chlorine, ammonia, phosgene, and other irritant gases (King, 1998) . Recent NIOSH investigations strongly suggest some flavoring chemicals also can cause bronchiolitis obliterans in the workplace. Workers may be exposed to hazardous flavorings or flavoring ingredients in the form of vapors, dusts, or sprays. Flavorings are complex mixtures of natural and man-made ingredients that are added to many food products in the production process.
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The main respiratory symptoms experienced by workers affected by fixed airway obstruction include cough (usually without phlegm) and shortness of breath on exertion. These symptoms typically do not improve when the worker goes home at the end of the workday or on weekends or vacations. The severity of the lung symptoms can range from only a mild cough to severe cough and shortness of breath on exertion. Usually these symptoms are gradual in onset and progressive. Affected workers generally notice a gradual reduction or cessation of cough years after they are no longer exposed to flavoring vapors, but shortness of breath on exertion persists.
An evaluation of the current work force at this popcorn plant showed an association between exposure to vapors from flavorings used in the production process and decreased lung function (Kreiss, 2002) . In November 2000, NIOSH conducted voluntary tests of workers at the plant including confidential questionnaires, spirometry tests, and chest x-rays, Current workers had chronic cough and shortness of breath 2.6 times as often as would be expected based on national surveys, and spirometry tests showed abnormally low airflow 3.3 times as often as would be expected. Approximately twice as many workers as would be expected had been told by their physicians they had asthma or chronic bronchitis. In animal testing, inhaling vapors from a heated butter flavoring used in microwave popcorn production caused severe injury to airways (Hubbs, 2002) .
NIOSH also measured the air concentrations of dust and some of the ingredients of butter flavoring, including diacetyl, a common ingredient in artificial butter flavoring. Workers who spent more time in areas with higher air concentrations of these substances were more likely to have abnormal airflow in their spirometry tests. Higher exposures over time were associated with diminished airflow.
The testing results lead NIOSH to make recommendations for improvements to the ventilation of the plant. The company made these changes and repeated measurements showed the amount of dust and flavoring ingredients in the air of the plant decreased significantly. NIOSH also reemphasized use of respirators by microwave popcorn and production workers.
In April and August 2001, NIOSH repeated testing of current workers. Some workers had excessive declines in their spirometry tests despite the improvements in the ventilation of the plant. It is not clear if the abnormal declines in these tests were caused by the earlier higher exposures to airborne dust and flavoring ingredients or if the lower air concentrations were still too high. NIOSH recommended that the company completely isolate the sources of flavoring and dust in the air to prevent further exposure of workers. The company is presently implementing the necessary changes. NIOSH, in cooperation with Gilster-Mary Lee, will continue to monitor workers' lung function until it is no longer decreasing faster than would be expected with normal aging. NIOSH also will continue tests of air levels to assess the effectiveness of engineering changes made by the plant.
The current data indicate bronchiolitis obliterans occurring in former workers of this pant is most likely caused by the workers' occupational exposure to inhaled flavoring vapors. NIOSH believes further research is needed to conclusively identify the cause and the circumstances under which the risk occurs and has investigated several clusters of cases of fixed obstructive lung disease at other companies that use food flavorings including two additional popcorn plants.
Occupational exposure guidelines have been developed for only a small number of the thousands of ingredients used in flavorings. For example, the Occupational Safety and Health Administration (OSHA) permissible exposure limits (PELs) and NIOSH recommended exposure limits (RELs) have been established for only 46 « 5%) of the 1,037 flavoring ingredients considered by the flavorings industry to represent potential respiratory hazards caused by possible volatility and irritant properties.
NIOSH recommends companies that use or make flavorings should take the following steps to protect the health of their workers: • Limit hazardous worker exposures. 
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• Monitor air concentrations of flavoring ingredients to assure control efforts are limiting exposures.
• Train workers about the potential for lung disease and other health effects from exposure to flavoring related chemicals and about ways exposure can be avoided or minimized.
• Assure appropriate labeling of containers and posting of warnings. • Provide workers with appropriate respiratory protection if they are at risk for hazardous respiratory exposure to flavorings or their ingredients while optimal exposure controls are being implemented, when controls are not working properly because of a breakdown or maintenance procedures, and when even the lowest exposures that can be achieved are still associated with potential risk. • Provide workers with other appropriate personal protective equipment (e.g., gloves, masks, and goggles) if they are at risk for hazardous eye and skin exposure. • Provide spirometry tests before the first exposure and on a regular basis thereafter to all workers at risk of hazardous exposure to flavorings or their ingredients. • Assess the patterns of reported symptoms and lung function results among the entire work force to identify work areas, processes, or exposures that may require more intensive intervention to prevent further adverse health effects.
Workers should be promptly referred for further medical evaluation if they have persistent cough; persistent shortness of breath on exertion; frequent or persistent symptoms of eye, nose, throat, or skin irritation; abnormal lung function on spirometry testing; or accelerated decline in lung function. The intent is to identify and prevent progression of work related medical conditions. The health care provider should advise the worker about any suspected or confirmed medical condition that may be caused or aggravated by work exposures, about recommendations for further evaluation and treatment, and specifically about any recommended restriction of the worker's exposure (including removal from the workplace) or use of personal protective equipment. The employer should be provided with information about recommended restrictions of the worker's exposure or use of personal protective equipment.
This study clearly indicates the importance of hazard suspicion, assessment, control, and prevention that involves multidisciplinary team efforts including those of the occupational health nurse. The nurse must be vigilant to potential and actual exposure symptoms so that appropriate investigations can be made to determine causal associations. This includes work force and workplace assessments and obtaining both subjective and objective data for evaluation. This also involves recognition of the need for exposure assessment via industrial hygiene monitoring and an understanding of sampling interpretations. Control and prevention strategies including engineering strategies and medical referrals must be implemented to ameliorate symptoms and rid the exposures.
Worker protection is of paramount importance, and the expertise and judgment of the skilled occupational health nurse is essential in achieving this goal.
